Dietary grape seed proanthocyanidins (GSPs) inhibit photocarcinogenesis in mice; however the molecular mechanisms underlying this effect have not been fully elucidated. As UVB-induced DNA damage in the form of cyclobutane pyrimidine dimers (CPDs) has been implicated in skin cancer risk, we studied whether dietary GSPs enhance repair of UVB-induced DNA damage and,
absence of treatment with GSPs, and a group treated with dietary GSPs prior to UVB irradiation and continued till the termination of the experiment. The photocarcinogenesis protocol employed has been described previously (7) . Briefly, the shaved backs of the mice were irradiated with UVB (180 mJ/cm 2 ) three times per week for a total period of 38 weeks. The backs of the mice were shaved using clippers if hairs grown on the skin during the photocarcinogenesis experiment.
UVB-irradiated back of the mice was examined on a weekly basis to check for the growth of papillomas or tumors. At the termination of the experiment, the dimensions of all the tumors on each mouse were recorded. Tumor volumes were calculated using the hemiellipsoid model formula: tumor volume = 1/2 (4π/3) (l/2) (w/2) h, where l = length, w = width and h = height.
Immunohistochemical detection of cyclobutane pyrimidine dimers
Immunohistochemical detection of CPD + cells in the skin samples was performed using a procedure described previously (23, 25) . Briefly, frozen skin sections (5 μm thick) were thawed, ) through PBS with or without pretreatment with GSPs (20 μg/mL) for 3 h. The UVBinduced CPD + cells were detected using a protocol described previously (25). Briefly, after UVB irradiation, cells were harvested and cytospun (≈1x 10 
RNA extraction and quantitative real-time polymerase chain reactions (PCR) analyses for

NER genes
The epidermal RNA was extracted from the mouse skin samples using TRIzol reagent (Invitrogen, CA), as described (24). The mRNA expression of NER genes, such as XPA, XPC, RPA1 and DDB2, in skin samples was determined using real-time PCR. For the mRNA quantification, complementary DNA (cDNA) was synthesized using 3 µg RNA through a reverse transcription reaction (iScript TM cDNA Synthesis Kit, BIO-RAD, CA). Using SYBR Green/Fluorescein PCR Master Mix (SuperArray Bioscience Corporation, MD), cDNA was amplified using real-time PCR with a BioRad MyiQ thermocycler and SYBR green detection system (BioRad, CA). Samples were run in triplicate to ensure amplification integrity. 
Statistical analysis
Tumor incidence in the UVB and GSPs + UVB treated groups was compared using the χ 2 test. Tumor multiplicity data were analyzed using the Wilcoxon rank sum test and tumor volume was statistically analyzed using ANOVA followed by Tukeys post hoc test. 
Results
GSPs repair UVB-induced DNA damage rapidly than non-GSPs-treated mice
In earlier studies, dietary supplementation of GSPs at the level of 0.5% (w/w) significantly inhibited UV-induced skin tumor development (7), therefore, we used 0.5% GSPs in diet for all mice experiments for mechanistic studies. The shaved backs of C3H/HeN mice were exposed to UVB (60 mJ/cm immediately after UV exposure, no differences in the staining pattern of CPDs were observed whether or not the mice were treated with GSPs ( Fig 1A) . This observation eliminated the speculation that dietary GSPs might have filtering effect on UV radiation. However, in skin samples collected at 48 h after UVB exposure, the numbers of CPD + cells were significantly lower (p<0.001) in the GSPs-treated mice than the mice that have not received GSPs in diet but were exposed to UVB. A summary of CPD+ cells in different treatment groups is shown in Figure 1B . The CPD+ cells were not detectable in non-UVB-exposed skin, whether or not they were treated with GSPs (data not shown).
The effect of GSPs on UVB-induced DNA damage was further verified using dot-blot analysis of epidermal genomic DNA isolated from the skin samples from UVB-exposed skin with and without treatment of GSPs. As shown in Figure 1C , there was no significant difference in the dot-blot pattern of CPDs between skin samples obtained immediately after UVB exposure from UVB-exposed mice whether or not they were treated with GSPs. In samples obtained 48 h after UVB exposure, the intensity of the dot-blot was markedly lower in the GSPs-treated mice than the non-GSPs-treated control mice. The genomic DNA samples obtained from the groups of mice that were not exposed to UV were negative in the dot-blot assay (data not shown).
Repair of UVB-induced DNA damage by GSPs requires IL-12
As IL-12 has the ability to enhance repair of UVB-induced DNA damage in mouse skin, and we have found that GSPs enhance the levels of IL-12 in UVB-irradiated mice (26), we evaluated whether IL-12 is required for DNA repair by GSPs in UVB-exposed skin. For this purpose, the shaved backs of IL-12 KO and WT mice were exposed to UVB (60 mJ/cm 2 ) with and without pretreatment of mice with diet supplemented with GSPs, and mice were sacrificed
Cancer Research. Fig.   2A and 2B ).
To further verify the role of IL-12 in the GSPs-mediated repair of UVB-induced DNA damage, the shaved backs of GSPs-treated IL-12 KO mice were exposed to UVB (60 mJ/cm However, the number of CPD + cells in the skin samples of IL-12 KO mice that had been treated with dietary GSPs and had received rIL-12 before UVB exposure was only 45±5%, indicating a significant reduction of DNA damage (P<0.001). These data support the concept that GSPs promote the repair of damaged DNA in UVB-exposed skin through a mechanism that requires IL-12 activity.
Prevention of UV-carcinogenesis by dietary GSPs requires IL-12
If IL-12 is required for GSPs-induced DNA repair in UVB-exposed skin, we then asked whether prevention of photocarcinogenesis in mice by dietary GSPs requires IL-12. To test the expressed in terms of tumor volume/tumor at the termination of the experiment.
In contrast, dietary GSPs did not significantly inhibit photocarcinogenesis in IL-12 KO mice ( Fig. 3 ; right panels). It appeared that the IL-12 KO mice were on a greater risk of UVB radiation-induced skin tumor growth than their WT counterparts, as is evident from the data concerning tumor multiplicity (Fig. 3, right panels) . The size of the tumor volume/tumor was higher in the IL-12 KO mice than their WT counterparts (Fig. 3C ). These tumor data suggest that prevention of photocarcinogenesis by GSPs was more pronounced in WT mice than IL-12-KO mice.
GSPs enhance the levels of NER genes in mouse skin
As we have observed that dietary GSPs enhance the repair of UVB-induced DNA damage in the skin, and it seems that DNA repair by GSPs is IL-12 dependent, the next question Cells were harvested either immediately or 24 h after UVB irradiation and subjected to cytostaing using CPD-specific antibody. CPD + cells were not detectable in non-UVB irradiated cells whether or not they were treated with GSPs (Fig. 5A) . When the cells were analyzed for CPDs immediately after UVB-exposure, no differences were observed in the cells treated with or Cytosolic and nuclear fractions of skin samples were subjected to western blot analysis using antibodies specific to XPA. B, In binding assay, XPA nuclear protein was immunoprecipitated using XPA-specific antibody from the skin samples exposed to UVB and treated with or without GSPs 1 h after UVB exposure. Non-UVB-exposed mouse skin served as a control. Protein samples were subjected to Western blot analysis, using antibodies against ERCC1, as detailed in 
